Background: We evaluated the cumulative incidence rate (CIR) of central nervous system (CNS) and non-CNS progression in alectinib-treated patients with anaplastic lymphoma kinase (ALK)-positive non-small-cell lung cancer (NSCLC) to determine the extent to which alectinib may treat or control CNS disease.
Rearrangements of the anaplastic lymphoma kinase (ALK) gene are indicative of a distinct subset of non-small-cell lung cancer (NSCLC), characterised by excellent responses to ALK-targeted therapy. Crizotinib was the first ALK inhibitor to receive US Food and Drug Administration (FDA) approval for the treatment of ALK-positive NSCLC (Food and Drug Administration press release, 2011).
Alectinib is a highly specific ALK inhibitor with good efficacy and tolerability demonstrated in phase II studies in patients with NSCLC harbouring ALK rearrangements (NP28673 [NCT01801111] and NP28761 [NCT01871805]) Shaw et al, 2016) . Based on these results, alectinib gained accelerated FDA approval for patients whose disease has progressed on, or who are intolerant to, crizotinib (Food and Drug Administration press release, 2015) . Data from these and other studies suggest that alectinib is highly effective in treating central nervous system (CNS) metastases and in controlling the spread of the disease in the CNS (Seto et al, 2013; Gadgeel et al, 2016) , a common site of progression with crizotinib (Gainor et al, 2013; Costa et al, 2015) . Improving systemic and CNS efficacy, while maintaining good tolerability, is a clear goal in developing treatments for ALK-positive NSCLC. This exploratory analysis evaluated cumulative incidence rates (CIRs) of CNS and non-CNS progression in alectinib-treated patients in the pivotal phase II studies Shaw et al, 2016) to determine to what extent alectinib may treat and/or control the spread of the disease in the CNS in ALK-positive NSCLC.
MATERIALS AND METHODS
Study design. Methodology for both studies has been published Shaw et al, 2016) . Eligible patients were aged X18 years with locally advanced or metastatic ALK-positive NSCLC, confirmed by an FDA-approved test, and an Eastern Cooperative Oncology Group performance status p2. All patients had progressed on crizotinib. Patients with treated CNS metastases were eligible, provided any symptoms were stable for X2 weeks before study entry; patients with untreated CNS metastases had to be asymptomatic. Patients received 600 mg oral alectinib twice daily until progression, death, or withdrawal.
Assessments. Response was centrally evaluated using Response Evaluation Criteria in Solid Tumors v1.1. The study protocols stated that all patients, not only those with known CNS metastases, should undergo baseline brain imaging by magnetic resonance imaging, and have centrally reviewed CNS scans (every 8 weeks for NP28673; every 6 weeks for NP28761). Computed tomography of the chest and abdomen was also required.
The CNS progression events were analysed by cumulative incidence functions. The CNS progression was any new CNS lesion or progression of pre-existing CNS lesions vs baseline, according to an independent review committee (IRC). Non-CNS progression was any new lesion or progression of pre-existing lesions in areas outside the CNS, according to the same IRC. The CIRs for CNS progression, non-CNS progression, and death were calculated for patients with or without baseline CNS metastases using a competing risks method. The CIR analysis considers the first event in the competing risks setting. For example, if a patient had CNS progression before non-CNS progression or death, then the patient was considered as having a CNS progression event. Subgroup analysis of CIRs of CNS progression by prior radiation therapy status was undertaken in patients with baseline CNS metastases.
RESULTS
Patients. Enrolment began in June 2013 for study NP28673 and in September 2013 for study NP28761; results are based on data cutoffs of 1 February 2016 and 22 January 2016, respectively. Baseline characteristics of the overall pooled population and the subgroups for this analysis were comparable and balanced between patients with or without baseline CNS metastases or prior radiation (Table 1) .
CIRs of progression.
For patients with baseline CNS metastases, CIRs of CNS and non-CNS progression at 24 months were 43.9% and 31.0%, respectively ( Figure 1 and Table 2 ). In patients without baseline CNS metastases, the CIR of CNS progression was 8.0% at 24 months; these patients progressed at a higher rate in organs other than the CNS, as suggested by a higher CIR of non-CNS progression (50.9%).
Patients with baseline CNS metastases who had received prior radiotherapy had a higher CIR of CNS progression at 24 months than radiotherapy-naive patients (50.5% vs 27.4%, respectively) ( Table 2) . Data on the use of radiosurgery vs whole-brain radiotherapy were not collected.
Safety. Median treatment duration was similar in the overall pooled population (43.57 weeks, range 2.4-89.0) and in patients with (44.79 weeks, range 3.0-85.7) or without (42.14 weeks, range 2.4-89.0) baseline CNS metastases.
Grade 3-5 adverse events (AEs) were reported in 45.6% of patients with baseline CNS metastases and in 32.6% of those without. Serious AEs occurred in 24.3% and 14.6% of patients, respectively, and AEs leading to treatment withdrawal occurred in 5.9% and 6.7% of patients, respectively.
DISCUSSION
The management of CNS metastases is essential for long-term outcome in ALK-positive NSCLC, with recent data identifying extended survival following radiotherapy and tyrosine kinase inhibitor treatment (Johung et al, 2016) . The ALK inhibitor, alectinib, is highly active, both systemically Shaw et al, 2016) and in the CNS (Seto et al, 2013; Gadgeel et al, 2016) .
Results of this exploratory analysis confirm these findings across all patient subgroups examined, and suggest a preventative effect of alectinib in the CNS. These results must be considered in the context of the overall phase II study data. The curves of CIRs for CNS progression represent progression in one organ, whereas those for non-CNS progression represent progression at many possible sites. At 24 months, the CIR of CNS progression was only 43.9% in patients with baseline brain metastases, indicating that alectinib is active against CNS metastases. For patients without baseline CNS metastases, CIRs were higher for non-CNS progression than for CNS progression/death, suggesting that alectinib may prevent the spread of ALK-positive NSCLC to the brain, in addition to its activity against CNS metastases. If replicated in prospective analyses, these findings may provide an effective treatment strategy for patients with ALK-positive NSCLC to achieve long-term control of their systemic disease, by treating existing CNS lesions and protecting against new ones. These findings also support the hypothesised early administration of alectinib to maximise patient benefit. In patients with baseline CNS metastases, CIRs were higher for CNS progression than for non-CNS progression/death, reflecting the fact that these patients were at a higher risk of progressing in the brain, even if they received an active drug. It may also suggest a biologic specificity of ALK-rearranged tumours favouring the CNS as the elective site of progression.
Patients with baseline CNS metastases receiving radiotherapy had a higher CNS progression rate than untreated patients (data on the type of radiotherapy administered were not captured). This may be because patients who already received radiation carried the greatest burden or had symptomatic CNS disease requiring therapy.
This analysis is limited by its retrospective, exploratory nature, although data pooling enabled assessment in a broader patient population. The different CNS imaging schedules may have affected the CIRs, but the consistent trends over time suggest that any difference in rate between the study populations was minimal.
Our results confirm the potent ALK inhibition and robust efficacy of alectinib systemically and in the CNS. These findings may help to explain the longer progression-free survival observed with alectinib vs crizotinib in the global phase III ALEX study in patients with previously untreated ALK-positive NSCLC and in the Japanese phase III J-ALEX study in the ALK inhibitor-naive setting (Hida et al, 2017) . The ALEX study provided further evidence of the systemic and CNS efficacy of alectinib, with a complete CNS response rate of 38% in patients with measurable CNS lesions at baseline . In the intent-to-treat population, the CIR of CNS progression in ALEX, taking into account the competing risks of non-CNS progression and death, was 9.4 with alectinib vs 41.4% with crizotinib . When analysed according to baseline CNS metastases status, CIR trends observed for CNS PD vs non-CNS PD in ALEX were similar to those in the pooled analysis described above, reinforcing the CNS effectiveness of alectinib in preventing or delaying CNS metastases in ALK-positive NSCLC (Gadgeel et al, 
2017
). However, a more pronounced CNS prevention/delay effect was observed in ALK inhibitor-naive, front-line ALK-positive NSCLC patients as studied in ALEX; at 24 months, 16.0 and 4.6% of patients with or without CNS metastases at baseline, respectively, had CNS progression in ALEX, whereas 43.9 and 8% of patients had CNS PD in the phase II studies. Given the totality of available data, we propose a potential front-line role for alectinib in preventing/delaying the development of CNS metastases in ALK-positive NSCLC.
